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Abs t rac t  

This  paper summarizes observat ions made du r ing  t h e  development o f  a 
c a t a l y s t  screening t e s t  i n  the  i n i t i a l  phases o f  a program which has 
as i t s  o b j e c t i v e  t h e  development o f  improved c a t a l y s t s  f o r  t h e  d i r e c t  
hydro1 i q u e f a c t i o n  o f  coa l .  

The t e s t  i s  c a r r i e d  o u t  batchwise i n  a s t i r r e d  au toc lave  and employs 
I l l i n o i s  #6 coal  and a commercial pet ro leum based so l ven t  (Panasol AN3). 
U n c e r t a i n t i e s  i n  r e a c t i o n  t ime  and temperature a r e  no rma l l y  encountered 
i n  t h i s  mode o f  ope ra t i on  due t o  s u b s t a n t i a l  coa l  conversions d u r i n g  
hea t ing  and cool ing.  These u n c e r t a i n t i e s  have been reduced s i g n i f i c a n t l y  
by i n j e c t i n g  coal  a f t e r  a s l u r r y  of so l ven t  and c a t a l y s t  has reached 
opera t i ng  temperature and by r a p i d  c o o l i n g  a t  t h e  t e r m i n a t i o n  o f  t h e  
r e a c t i o n  pe r iod .  

Products a r e  separated in to ibenzene i n s o l u b l e ,  pentane i n s o l u b l e  
(asphal tene)  and pentane s o l u b l e  ( o i l )  f r ac t i ons .  Data ob ta ined  w i t h  
a commercial CoMo c a t a l y s t  i n  a s tudy o f  t he  e f f e c t  o f  r e a c t i o n  
va r iab les  on hydrogen consumption, coal  convers ion,  asphal tene and o i  1 
y i e l d s ,  and s u l f u r  removal i n d i c a t e  t h e  f o l l o w i n g :  

Hydrogen abso rp t i on  i s  l i n e a r  w i t h  t ime  and cont inues a f t e r  
maximum coal  convers ion (93%) i s  reached. 
pressure i n  t h e  range i n v e s t i g a t e d  (760-3000 p s i )  i n d i c a t i n g  a 
process f i r s t  o rde r  i n  hydrogen and t h e r e f o r e  independent o f  
coal  convers ion which becomes zero o rde r  i n  hydrogen above 
2000 p s i .  

A c l e a r c u t  d i s t i n c t i o n  between f i r s t  and zero o rde r  dependence 
on coal  i n  t h e  5D-80% convers ion range cannot be made. 
r e a c t i o n  tends toward f i r s t  o r d e r  a t  h ighe r  convers ion l e v e l s .  
Subs tan t i a l  convers ion o f  coa l  i s  observed i n  t h e  absence o f  
c a t a l y s t  and a t  ve ry  s h o r t  r e a c t i o n  t imes.  

Asphaltene y i e l d s  a re  p r o p o r t i o n a l  t o  convers ion u n t i l  about 
80% convers ion and remain r e l a t i v e l y  constant  t h e r e a f t e r .  
y i e l d s  increase w i t h  convers ion t o  maximum convers ion (93%).  

I t  i s  a l s o  l i n e a r  w i t h  
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S u l f u r  l e v e l s  i n  asphaltene and o i l  d e c l i n e  w i t h  i n c r e a s i n g  
y i e l d s  o f  these f r a c t i o n s .  

The r e l a t i o n s h i p  between asphal tene and o i l  y i e l d s  and s u l f u r  
contents  i s  n o t  a f f e c t e d  by temperature o r  c a t a l y s t  l oad ing .  

Most o f  these observat ions can be r a t i o n a l i z e d  v i a  a model i n  
which t h e  major  r o l e  o f  c a t a l y s t  i s  t o  ma in ta in  t h e  s o l v e n t  i n  a 
s u i t a b l e  s t a t e  o f  hydrogenation. 
branching mechanism f o r  f o rma t ion  o f  asphaltenes and o i l  r a t h e r  
than t h e  g e n e r a l l y  assumed sequence o f  f i r s t  o r d e r  reac t i ons .  

Moreover, t h e  data suppor t  a 
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